INTRODUCTION
The Pliensbachian/Toarcian boundary event (~183.5 Ma) and the Toarcian Oceanic Anoxic Event (Early Toarcian, ~183 Ma) are two intervals of worldwide environmental and ecological disruption during the Early Jurassic. This period is known for large-scale black shale deposits (e.g., Jenkyns , 1985 Jenkyns , , 1988 Jenkyns and Clayton, 1986; Schmid-Röhl et al., 2002) and multiple negative excursions of δ13C affecting exogenic carbon reservoirs and associated sediments (e.g., Pálfy et al., 2002; Littler et al., 2010; Bodin et al., 2016) . These events have been associated with marine eutrophication, increased ocean anoxia (e.g., Röhl et al., 2001; Morard et al., 2003 , Bodin et al., 2010 , high global temperatures (e.g., Vakhrameyev, 1982; Jenkyns, 2003; Rosales et al., 2004 , Suan et al., 2010 , putative acidification of the oceans (Trecalli et al., 2012) , and global disturbances of the carbon cycle attributed to the pulsed emplacement of the Karoo-Ferrar flood basalts (Duncan et al., 1997; Sell et al., 2014; Burgess et al., 2015) . These paleoenvironmental disturbances appear to be contemporaneous with a second-order biodiversity crisis affecting various taxonomic groups such as ammonites, foraminifera, bivalves, and brachiopods (e.g., Sepkoski, 1984, 1986; Harries and Little, 1999; Caswell et al., 2009; Dera et al., 2010; Guex et al., 2012; Goričan et al., 2013; Caruthers et al., 2013; Danise et al., 2013 Danise et al., , 2015 Caruthers et al., 2014; Martindale and Aberhan, 2017) . Nevertheless, data about coral turnover are relatively sparse, and the only detailed study is based on a compilation of bibliographical data (Lathuilière and Marchal, 2009 ). This publication focuses on one of the victims of the Pliensbachian/Toarcian boundary crisis; this unique coral has features that are reminiscent of Paleozoic coral structures, likely a case of convergent evolution rather than inheritance. As Rugosa and Scleractinia are not closely related, a case of inheritance is excluded (see for examples Oliver, 1980; Fedorowski, 1997) . This taxon was initially described in Beauvais (1986) as Mesophyllum pseudocolumellatum but the genus name is currently unavailable because of homonymy; thus a nomen novum is required. The original description of this species was established on the basis of a narrow sampling of only seven poorly preserved specimens from Beni Tadjit in Morocco (Menchikoff collections), and the genus is based on these seven samples and six other specimens from the Jebel Bou Dahar found in the Du Dresnay collections. These other samples were considered by Beauvais as another potential species, but the preservation was too poor to validate this assumption. The present study is based on the analysis of 91 specimens of Mesophyllum collected and/or pictured by our team during field campaigns from the Dades Valley and the Amellagou region in the Central High Atlas as well as from the Guigou Plateau in the Middle Atlas of Morocco. This significant new sampling effort results in new insights about the morphology of this taxon, its taxonomy, its biostratigraphic attribution, and sedimentological context. This work also raises new questions about the phylogeny and function morphology of this coral taxon.
GEOLOGICAL SETTING
In Morocco, studied sites are located in the Amellagou area, the Dades Valley, and the Guigou Plateau; GPS locations are presented in Table 1 . Liassic distal environments in Morocco contain abundant biostratigraphically useful ammonites (see synthesis in Dommergues and Meister, 2017) and so there is a relatively good biostratigraphical framework established for the coral occurrences reported here.
The Guigou Plateau is located in Middle Atlas (Figure 1.1, 1. 2), where several huge carbonate buildups from Carixian (lower Pliensbachian substage) to Domerian (upper Pliensbachian substage) shape the landscape. This carbonate platform is generally interpreted as capping a tilted block limited in the southeast by the "Northern Middle-Atlasic Accident" (Colo, 1961; El Arabi et al., 1987) , which marks the boundary between tabular Middle-Atlas and "folded" Middle-Atlas, and by the "Tizi n'Trettène accident" in the northwest, which separates two distinct plateaus of the Tabular Middle Atlas. One of the sampling areas has been concentrated especially on one of these bioconstructions: the Koudiat Ech Chehem. It is an approximately 100 m high buildup prograding towards the southwest and rising above limestonemarls deposits including early Domerian ammonites Protogrammoceras (Morabet, 1974 according to El Arabi et al., 1987 . Marly limestone and marl alternations containing Hildaites gyralis, Hildaites subserpentinus, and Harpoceras cf. madagascariense (all known from the Serpentinum Zone, early Toarcian) onlap the flanks of the bioconstruction. The other outcrop for sampling is part of the "Taililout" section located in the western part of the Guigou Plateau, directly west from Koudiat Ech Chehem. This outcrop corresponds to lower or middle Carixian stage; it is topped by a level that stratigraphically corresponds to the Maftah 2 Formation (comforted by personal communications from André Charrière in the field), which contains the middle Carixian ammonite Tropidoceras (see Charrière et al., 2011, p. 62) . The outcrop level sampled corresponds to the transition between the Maftah 1 and Maftah 2 formations. In fact, the core of Maftah 1 Formation shows mudstone to packstone limestone alternations containing bivalves, foraminifera, and algae, sometimes with crossbedding. Then, the top of Maftah 1 Formation is made of cross-bedded oolitic and bioclastic calcarenites including corals in some beds. A major discontinuity showing a ferruginous hardground, including wood, marks the top of this Formation. The Maftah 2 Formation includes more silicified FIGURE 1. Geographic location of the different sampling sites where N. pseudocolumellata has been found in Morocco. 1, General location of the studied areas in the Atlas Mountains (orange zone); 2, Guigou plateau; 3, Amellagou municipality; 4, Dades Valley. 4 bioclastic and oolitic limestones or thin argillaceous limestones and is dated by the presence of middle Carixian ammonite Tropidoceras at the base and the upper Carixian ammonites Becheiceras gallicum and Fuciniceras aff. bastianii (Davoei zone) in the core of the member. The subsequent Maftah 3 Formation records deeper depositional environments with clay and limestones alternations including lower to middle Domerian ammonites.
The municipality of Amellagou is in the southern part of the Central High Atlas rift basin, in the Gueris Valley (Figure 1.1, 1. 3). Some of the samples have been found in Pliensbachian-aged (from Ibex to Spinatum ammonite chronozones) coral and sponge bioherms, which grew on the upper slope that bordered the thick southern carbonate platform. Abundant lithiotid communities developed on subtidal lagoon paleoenvironments on this platform, outcropping at the top of Jebel Taabest, for example. Numerous other specimens have been collected in olistoliths that slipped eastwards and northwards, up to the lower slope, in a hemipelagic environment. These olistoliths are associated with slumps and calciturbidites, related to synsedimentary faults and tilting; they are attributed to the lateral transition between the Choucht and Ouchbis Formations. Olistoliths show a boundstone to floatstone texture, with solitary and colonial corals, sponges, gastropods, serpulid worms, crinoids, brachiopods, echinoids tests and spines, and occasional chaetetid sponges and microbialites. Some of the olistoliths also contain lithiotid bivalves (including Cochlearites and Opisoma genera). Numerous olistoliths originating from the carbonate platform slipped towards the basin during the latest Pliensbachian lowstand (Spinatum chronozone), just before the drowning of the Taabest platform, which occurred during the earliest Toarcian. Older specimens of presently studied corals have been collected from the Serdrar reef, a 200 m high basinal patch reef. The Serdrar reef is located on a local high, the foot wall of the Serdrar fault, which was tectonically active during the Early Jurassic (Sarih, 2008; Lachkar et al., 2009 ). Ammonites of the uppermost Sinemurian (Raricostatum chronozone) have been found on the distal slope deposits of this big pinnacle (see Table 1 ).
The Dades Valley also belongs to the southern margin of the central High Atlas rift basin (Figure 1.1, 1.4) . Specimens come from the upper part of the Choucht Formation, which is a proximal equivalent of the Ouchbis Formation. This interval is dated by ammonite biostratigraphy and corresponds to the late Pliensbachian Emaciatum ammonite chronozone, more specifically the Elisa sub-chronozone (Ettaki et al., 2000) . The age is confirmed by the presence of the nannofossil Lotharingius sigillatus (a marker for the nannofossil subzone NJT5b) found below the Choucht Formation in the Tizguin section (Mattioli et al., 2013; Bodin et al., 2016) . The Choucht Formation is a succession of shallow-water deposits made of packstone to mudstone beds deposited in a carbonate platform environment, including phaceloid coral reefs with rare lithiotids bivalves. Nonetheless, ammonites, belemnites and Zoophycos ichnofossils are observed in this formation, in close association with the reefs, suggesting relatively deep (shoreface to offshore transition) depositional conditions for this formation (wave influence sedimentary structures have not been observed to date). Despite a thorough investigation of Toarcian outcrops from these regions, no N. pseudocolumellata was found in post-Pliensbachian strata, to date.
MATERIALS AND METHODS

Materials
The studied material is represented by 77 specimens collected by our team in the Lower Jurassic of Morocco although 14 additional specimens considered in this study come from the collection of the Muséum National d'Histoire Naturelle (MNHN) in Paris, including the holotype of the type species of the genus Mesophyllum Beauvais non Schlüter. Four specimens come from the Beni Tadjit (Menchikoff collections), and the others were in the collections of the Museum, associated with a note from Alloiteau but without any locality (they are suspected to come from Morocco, possibly specimens from Menchikoff collections and Du Dresnay collections cited by Beauvais, 1986) .
Terminology: The Concept of Pseudocolumella
The samples correspond to scleractinian solitary corals with an axial structure corresponding to the definition of a pseudocolumella according to Milne-Edwards and Haime (1848) and later Berkowski and Weyer (2012) . This term was introduced initially by Milne-Edwards and Haime (1848), as an alternative to the term columella, in view to describe different types of axial structures for skeleton-bearing corals (Rugosa, Scleractinia and Tabulata). The distinction was mainly based on the genesis of the axial edifice: septal origin in the case of pseudocolumella, non-septal origin in the case of a "columella propria" (Berkowski and Weyer, 2012). Even if the distinction was used by some authors (see for example Fedorowski, 1974) the term pseudocolumella has often been forgotten and the term columella applied to describe all skeletal axial structures in corals fossils, especially in the case of scleractinian description. Chevalier (1987) describes the columella of Scleractinia as a part of the skeleton occupying the axial part of the corallites. In this definition, the columella can have a septal origin or a non-septal origin. We choose to reintroduce here the terminology of Milne-Edwards and Haime (1848) for scleractinian corals because the columellae of septal origin described up until now was structurally distinct from the skeletal structure of the specimens described in this study.
In fact, columellae of septal origin in scleractinians occur in the following ways: i) in a single lamellae in the main plan of the corallite (lamellar columella); ii) in the projection of septal trabeculae in the axis of the corallite (papillose and spongy columella); iii) in a thickening and welding of the inner edges of septa ("fausse columelle"-fake columella-in Chevalier, 1987) . The axial structure described in this study is made of many septal lamellae separated from the main part of septa early in the coral's ontogeny and organized in bilateral symmetry. These features correspond to the description of the axial structure of the example used by Milne-Edwards and Haime (1848): the genus Clisiophyllum Dana, 1846 (Berkowski and proposed Clisiophyllum keyserlingi M'Coy, 1849 as the definitive morpho-terminological type of the term pseudocolumella). It also corresponds to the description of some pseudocolumella morphologies described by Fedorowski (1974) for the genus Lophophyllidium Grabau, 1928 . Consequently, we propose that the term pseudocolumella be used for the singular cases of scleractinian corals showing a rugose-like axial structure made of several septal lamellae organized in a bilateral symmetry.
Methods
The samples have been prepared and analyzed using photographs, polished sections, thin sections, and computed tomography (CT) scans. The usual qualitative observations on polished surfaces and thin sections have been supplemented by morphometric measurements. Nine characters were measured on photographs by the lead author using the measurement software Canvas 9 (see Table 2 ); these characters are: great calicular diameter (Gd): the longest linear length passing across the center of the calice; small calicular diameter (Sd): the shortest linear length passing across the center of the calice; number of calicular septa (Ns): septa counted along the corallite periphery; homogeneous septal density (hsd): in order to compare all samples with a homogeneous parameter, the septal density of only S1 and S2 (first and second septal size orders) has been measured over a 5 mm distance at the periphery of the calice; length of S1 (lS1): measurement of the longest and the shortest septa of the first size order S1; length of S2 (lS2): measurement of the longest and the shortest S2; length of S3 (lS3): measurement of the longest and the shortest S3; greater pseudocolumella diameter (dp): the longest linear length passing across the center of the calice from the edges of the pseudocolumella in transverse section; number of pseudocolumellar septa (nps): septa counted along the pseudocolumella periphery.
Using these measurements as a basis, four types of transformed data have been produced for the statistical analysis-extrapolated number of calicular septa (exns): the total number of calicular septa has been estimated including hidden or broken septa. In fact, the preservation of samples is often poor, and it is frequently hard to determine if the third order of septa is present; in some cases these septa are partially or completely obscured by stereome thickening deposits or recrystallization. Middle of variation range value for length of S1 (mlS1): middle of variation range value of septa length is obtained by adding the highest and the lowest measured value of septal length for one order and then calculating the average of this sum. Middle of variation range value for length of S2 (mlS2). Middle of variation range value for length of S3 (mlS3).
Finally, two other pieces of information have been added to the database. Sampling outcrop (Os)-some numbers have been allocated to different sampling zones for each sample: 1, Amellagou plain; 2, MNHN; 3, Dades Valley; 4, Jebel Taabest; 5, Beni Tadjit (Menchikoff collection); 6, Jebel Serdrar; 7, Koudiat Ech Chehem; 8, Taililout. Pseudocolumella shape (ps): the two main shapes of pseudocolumella observed have been labelled with associated numbers and each sample has been associated with an apparent pseudocolumella shape. Examples of pseudocolumella observed in transverse section among the samples are presented in Appendix 1.
Measurements have been used to perform univariate and multivariate statistical analysis, in order to distinguish characters and identify poten-TABLE 2. Values of biometrical measurements for each specimen and character considered in this study. Gd = Great calicular diameter; Sd = Small calicular diameter; Ns = Number of septa; exns = extrapolated number of septa; hsd = homogeneous septal density; lS1 = variation range of S1 length; mls1 = middle of the variation range of S1 length value; lS2 = variation range of S2 length; mls2 = middle of the variation range of S2 length value; lS3 = variation range of S3 length; mls3 = middle of the variation range of S3 length value; ps = pseudocolumella shape; pd = great pseudocolumellar diameter; nps = number of pseudocolumellar septa. tial connections between them. These analyses were conducted with the statistic software PAST (PAleontological STatistics; Hammer et al., 2001) . In addition to the classical univariate and bivariate analysis, principal component, correspondence, and discriminant analyses have been performed on three distinct sets of data to maximize the number of samples considered in each analysis (the missing values written "n.c." in Table 2 rule out the corresponding samples in the analysis). Set 1 includes all the characters (Gd, Sd, exns, hsd, mlS1, mlS2, mlS3, ps, dp) but with a number of only 23 samples. Set 2 includes set 1 but excludes the characters mlS1, mlS2, and mlS3 for a total of 44 samples. Set 3 includes set 1 but excludes the character mls3 for a total of 34 samples in the analysis In the analysis, the points corresponding to the samples have been differentiated in accordance with the apparent morphology of pseudocolumella observed (point for type 1 and cross for type 2); and sometimes also in accordance with the sampling location.
Three-dimensional CT-scan reconstructions have been created using the nanotom S phoenix 180 kV of Georessources laboratory in Nancy. The X-ray CT is a non-destructive technique used to inspect the internal structure of solid specimen based on recording abnormal attenuations levels of X-rays after passing them through a specimen. The X-ray measurements are dependent on density contrasts within studied specimen (Pryvalov et al., 2017) . Two samples (A57331-1 and AM16161) have been chosen for their sufficient density contrasts between skeleton and matrix. Their internal skeletal structure has been observed in the three directions of a defined space as three sets of successive slices perpendicular to each axis of the define space ( Figure 2 ). Successive transverse sections along the height of the corallites of each sample are presented in Appendices 2 and 3.
SYSTEMATIC PALEONTOLOGY
Phylum CNIDARIA Verrill, 1865 Class ANTHOZOA Ehrenberg, 1834 Sub-Class HEXACORALLIA Haeckel, 1866 Order SCLERACTINIA Bourne, 1900 Sub-Order CARYOPHYLLIINA Vaughan and Wells, 1943 Super-Family VOLZEIOIDEA Melnikova, 1974 Family incertae sedis Neorylstonia, nomen novum pro Mesophyllum Beauvais, 1986 Melnikova, 1975 , could be an available synonym but a comparison with the type material is still necessary. If these two genera are justified in terms of taxonomy, a nomen novum should be created for Mesophyllum Hahn. Another junior homonym is also reported with the mention of "Mesophyllum Barrois, 1889 (see Barrois, 1889, p. 67 )" by Neave (1940, p. 119) . This quotation was present in other earlier indexes (e.g., Waterhouse, 1902, p. 219 ), but the citation could not be found in the 1888 nor the 1889 works of Barrois. Nevertheless, Barrois (1898, p. 241 ) gave a faunal list with "Mesophyllum lissingenense, Schlu." [Schlüter] and "Mesophyllum nov. sp."; the latter of which might be the origin of the erroneous entry. In conclusion, for these reasons, "Mesophyllum Barrois" is unavailable. Mesophyllum Hahn, 1911 , is also a senior homonym of Mesophyllum Vieira, 1942, and Mesophyllum Beauvais, 1986 , all of them depending on the zoological code. Incidentally, Mesophyllum is also the name of a red alga. The family is given as incertae sedis because this taxon presents some characters of both Gardineriidae and Volzeiidae. The genus shares smooth lateral faces of septa with the Gardineriidae but differs to them by the presence of an endotheca; and the microstructure of septa is close to the one of Volzeiidae (according to the description of Volzeia badiotica in Cuif, 1974) but with no lateral spines or granulation.
Neorylstonia pseudocolumellata (Beauvais, 1986) v. 1986 Mesophyllum pseudocolumellatum Beauvais, 1986, p. 20, Pl. 4, fig. 1a sizes. In contrast, some other samples show four clearly distinguishable size orders of septa. In the latter case, the first and second size orders geometrically correspond to a subdivision of the S1. Lastly, the S3 are sometimes missing. On the basis of the described arrangement of septal length and thicknesses a very classical model of septal insertion can be proposed, namely 96 septa distributed in five ontogenetical cycles according to 6+6+12+24+48 septa (see Figure 4 ). This model of septal insertion is statistically significant by univariate statistical analysis, in which the number 96 shows a well-marked mode. Ghosts of septal structures can sometimes be observed in thin sections (Figure 3 .4). They consist in transverse section of a darker axial zone within the septum, a brighter zigzag line or some dark spots in a line considered as remains of "centers of calcification" or centers of rapid accretion (Stolarski, 2003) . Growth lines in "ogive" or "gloves fingers" can be seen in longitudinal sections, resulting from the deposition of different successive layers of stereome thickening the septa (thickening deposits of Stolarski, 2003) .
Axial structure is present, in the form of a Rugose-like calicular boss made of septa and endotheca. This pseudocolumella presents different morphologies throughout the polyp's life (Figure 5, Appendices 1-3) , giving the fossils a very characteristic aspect in transverse section. The pseudocolumella is made of 16 to 26 septal lamellae that seem to correspond to septa in some samples but, contrary to the septal system, are organized in a bilateral symmetry rather than the strict radial symmetry. Tabulae in the axial porosity (when present) and dissepiments between the lamellae sustain this structure. Most commonly the pseudocolumella consists, on average, of 21 to 22 lamellae organized in two main skeletal morphologies: Type 1 morphology-lamellae organized in the form of a star with opposite septa sometimes linked in the calicular axial zone (Figure 5.3) . In some cases, the bilateral symmetry plan is materialized by a stereome deposit between lamellae, which should not be confused with a rugose-like axial lamellae (Figure 6 .6). Type 2 morphologylamellae organized in two soft crescents (the cross sections look like two kidney beans, see Figure  5 .12) separated by an axial cavity regularly sealed by tabulae, which seem to serve as basis for the genesis of new lamellae (Figure 6.2) . These tabulae probably correspond to stasis phases in the growth of the polyp alternating with stages of vertical increase associated with the secretion of lamellae by the soft ectodermal tissues of the animal.
Between these two extreme morphologies are some transitional states ( Figure 5) , and both morphologies sometimes coexist in one single sample. In such cases, the pseudocolumella always shows the same ontogenic pattern starting with a type 2 morphology in the early stages of development then vertically turning to a type 1 morphology in the oldest stages of development. Once the type 1 morphology is established, it never transforms (back) to type 2. Another point is that type 1 pseudocolumella are associated with a more conical shape of the corallite and, in this conformation, the axial structure continues to grow when the vertical increase of the wall stopped, sometimes highly surpassing the calix rim ( Figure 6.9-11) . Type 2 pseudocolumella never surpass the distal edges of septa and are associated with more cylindrical corallite shapes suggesting a continuous growth during the animal's life.
The pseudocolumella is generally wrapped into continuous deposits of stereome, which sepa-rate it from the lumen. It is observed independently of the morphology of the axial structure ( Figure 6 .3-5) and excludes the possibility of post-secretion modifications of the skeleton to explain the variations observed in morphologies (for example a case of symbiosis associated with specific bioero- In most samples these ontogenetic cycles are inferred from morphology by the three distinct size orders: size order 1 includes cycles 1, 2 and 3; order 2 includes cycle 4 and order 3 includes cycle 5. In very few samples only, ontogenetic cycles 1, 2 and 3 can be differentiated. Shapes 1, 2, 3, 4, 5, 17 and 18 correspond to type 1 morphology and shapes 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 and 16 correspond to the type 2 morphology. FIGURE 6. Plate of photographs of Neorylstonia pseudocolumellata focusing on the pseudocolumella structure. 1, Transverse section of the sample AM16164-1, showing a type 2 pseudocolumella with visible pseudocolumellar septa. 2, Longitudinal section of the type 2 pseudocolumella AM16164-1. Note the regular tabulae in the axial porosity and the way it sustains new lamellae (arrow). 3, Transverse section of the sample 2303A7, showing a type 1 pseudocolumella with curved lamellae connected following a bilateral plan of symmetry. An incomplete stereome deposit can be observed around the pseudocolumella (arrow). 4, Transverse section of the sample AM175, showing a type 1 pseudocolumella with curved lamellae connected following a bilateral plan of symmetry. A complete stereome deposit separate the pseudocolumella lamellae from the lumen (arrow). 5, Transverse polished section of the sample AM16160 with a type 2 pseudocolumella with crescents connected by endothecal structures. Note the radiant structure into the crescents made of lamellae (arrow) attenuated at their periphery by the stereome deposits. 6, Transverse polished section of the sample A57331-5 with a type 1 pseudocolumella showing stereome deposits in the bilateral symmetry plan imitating an axial lamellae. 7 and 8, transverse polished section of the sample 2303A7-1 sectioned at the top (7) and at the basis (8). The early stages of development at the basis present a rudimentary type 2 pseudocolumella (modified by bioerosion) while the later stage of development shows a type 1 pseudocolumella. 9-11, Photographs in lateral views of 3 specimens of N. pseudocolumellata with a type 1 pseudocolumella surpassing the distal peripheral edges of the calix (respectively, A30500, a paratype from the collections of the Muséum d'Histoire Naturelle de Paris, A57331-8, and A57331-2). sion is excluded). These stereome deposits attenuate the spiky aspect of the pseudocolumella periphery in cross section. A model of step-by-step skeletal growth is proposed in Figure 7 .
In most cases, hexameral symmetry can be established on the basis of the different septa systems. The superimposed bilateral symmetry is evidenced by the spatial organization of the axial structure. Endotheca abundant and made of tabular dissepiments regularly arranged in the axial zone. Parathecal wall is present and the paratheca is continuous with the dissepiments. Synapticulae absent. A true epitheca with growth striae and wrinkles encloses the corallite (Figure 3.3) .
As Neorylstonia is monospecific, the specific diagnosis is identical to the generic diagnosis. Range. Uppermost Sinemurian (Raricostatum ammonite chronozone) to uppermost Pliensbachian (Spinatum ammonite Chronozone), with a probable acme during Late Pliensbachian (Domerian).
Occurrence. High Atlas and Middle Atlas of Morocco
STATISTICAL APPROACH
Univariate and Bivariate Analyses
A number of trends can be deduced from the univariate and bivariate analysis (Figure 8 ). As it FIGURE 7.
Step-by-step model of growth for Neorylstonia pseudocolumellata based on the assumption of an upward migration of polyp soft tissues by muscular contraction in accordance with structural observations of Brahmi et al. (2012) on dissepiments. Alternative modes of growth for soft tissues exist in the literature but do not impact the skeletal growth in the model (see Chevalier, 1987) . 1, Coral skeleton without soft tissues. 2, Between two cycles of growth, soft tissues (in red) sit on the tabular dissepiments. 3, Initiating a new cycle of growth, soft tissues raise above the pseudocolumella and cristallize a new set of septal lamellae (in blue). In this case, relaxed soft tissues above the pseudocolumella produce an axial fold resulting in a type 2 pseudocolumella. 4, Soft tissues lift up, and simultaneously raise the septal and epithecal edges and raise the parathecal wall at the periphery of the corallite. At this stage, soft tissue is suspected to lift up by (i) septal traction of the growing septa or by (ii) standing on the pseudocolumella and successive stereome deposits forming the parathecal wall or even by (iii) floating on a gas of fluid blister separating the basal rim of the polyp and the tabular dissepiment (see Wells, 1969) . 5, At the end of the growing cycle, new tabular dissepiments are synthetized in contact with the basal epiderm of the polyp. The model is the same for a type 1 pseudocolumella but septal lamellae are connected in the axis. The step-by-step growing phases presented here are a simplified proposition to help the understanding of the reader, the exact details of the coral's growth process 183 million years ago may have been different. Abbreviations: C, costa; E, epitheca; Pw, parathecal wall; S, septa; Sl, septal lamellae; St, soft tissues; Td, tabular dissepiment. appears in Figure 8 .2, the extrapolated number of septa (exns) seems to increase to some extent with the increase of the calicular diameter, but the link between these two characters is moderate (r = 0.42077), which is quite unexpected for scleractinian corals. A part of this weak correlation between diameters and number of septa is probably related either to a preservation bias or ontogeny. The process of extrapolation of the number of septa can result in an overestimation of the true number of septa in the sample; this may also erase the gradual establishment of the different orders of septa during the growth of the corallum. On the other hand, the apparent number of septa can lead to an underestimate of the true number of septa if some are hidden or broken. Nevertheless, a similar weak correlation is obtained with the non-extrapolated number of apparent septa in the samples (Figure  8.3) . The points in Figure 8 .3 are grouped in four packages (samples having approximately 12, 24, 48, and 96 septa) corresponding to different stages of development of the septal apparatus in the sam-ples (see Figure 4 ), but all the samples from the package corresponding to approximately 48 septa in the septal apparatus could potentially be corals with a hidden third order of septa. Consequently, the possibility of making different species from these three packages, as old typological methods could have done, is not advised. Finally, the only conclusion that can be drawn from the values in Figures 8.2 and 8.4 is that N. pseudocolumellata develops its three orders even with small calicular diameters. This supports the idea that the growth size of the coral is more influenced by environmental parameters than the number of septa, which could be more linked to age.
The homogeneous septal density (hsd) is very clearly negatively correlated with the calicular diameter (Figure 8.4 ). As demonstrated in Figure  9 .5 the main number of extrapolated septa conforms well to the model with 96 septa exposed in the diagnosis. Figures 9.4, 9 .5, and 9.6 emphasize the correlation between the length of septa from one cycle of septa to another cycle of septa. Table 2 . 1, Small diameter (Sd) as a function of great diameter (Gd). 2, Great diameter (Gd) as a function of the extrapolated number of septa (exns). 3, Great diameter (Gd) as a function of the number of septa (Ns). 4, Great diameter (Gd) as a function of homogeneous septal density.
Multivariate Analyses
Principal components analysis (PCA) gave a sum of variance percentages greater than 93% for PC1 + PC2 in every set of data considered. The most influential character is the extrapolated number of septa (exns) in each case, followed by the great calicular diameter (Gd) and small calicular diameter (Sd) and after come the pseudocolumella diameter (dp) and the middle of variation range values for length of septa (mls1-3). The major role of dimensions and number of septa in PCA results is already well known for corals and corresponds to the traditional measurements used in taxonomy since the nineteenth century. Interestingly, the samples with a type 1 pseudocolumella are associated to high diameters and number of septa when the samples with a type 2 pseudocolumella correspond to high homogeneous septal density values and smaller calicular diameters ( Figure 10) . Similar results are observed with correspondence analysis and discriminant analysis, and the same trends are recorded for each set of data. Discriminant analysis gives one more important piece of information as it shows an "outcrop effect"; the corals from a FIGURE 9. Univariate analysis based on the data in Table 2 . 1, Frequencies of the values of extrapolated number of septa (exns). 2, Frequencies of the values of homogeneous septal density (hsd). 3, Frequencies of the values of number of pseudocolumellar septa (nps). 4, Middle of variation range value of S1 length as a function of the middle of variation range value of S2 length. 5, Middle of variation range value of S2 length as a function of the middle of variation range value of S3 length. 6, Middle of variation range value of S3 length as a function of the middle of variation range value of S1 length. The r value corresponds to the linear correlation coefficient and P (uncorr.) value represents the probability of having no correlation between the two compared sets of data. . Set 3 PCA considering components 1 and 2, which sum gives more than 93% of variance percentage. Samples with type 1 pseudocolumella are symbolized with a dot on the graph and samples with type 2 pseudocolumella are symbolized with an "x". The influence of each character is quantified and polarized with segments. Images of coral cross sections are from the data point closest to them. same site are morphologically linked and the distribution of type 1 and type 2 pseudocolumella follows the same trends within a single sampling site. To avoid duplications, we choose to show only two graphic results; one from PCA on set 3 ( Figure 10 ) and one from discriminant analysis on set 2 ( Figure  11 ).
DISCUSSION
Without considering the question of the pseudocolumella, univariate, and multivariate statistical analyses show significant overlap in coral dimensions and number of septa, thus we con-clude that all the samples belong to a single species. Since there is a correlation between locality and morphology, it can also be concluded that this taxon is strongly influenced by its living environment and not only by the slightly different ages of the samples. Nevertheless, the variability of the pseudocolumella shape makes the case more complex. The two morphologies of pseudocolumella are associated with different trends in overall morphologies of the corallites. In fact, type 2 is preferentially associated with small calicular diameters, low numbers of septa, and high septal density, which could correspond to young development FIGURE 12. Distribution of the two extreme shapes of pseudocolumella (type 1 and type 2) in each sampling sites in High and Middle Atlas in Morocco; bar height indicates the number of type 1 and type 2 specimens. Facies map for the Pliensbachian modified from Ait Addi et al. (2005) .
stages. On the other hand, type 1 is more often associated with greater calicular diameters, a higher number of septa, and smaller septal density. This can be attributed to an older or more mature development stage. In addition, the distribution of pseudocolumella morphologies in one population of corals is obviously strongly linked with the sampling area of this population (Figure 11 ). Taililout and Koudiat Ech Chehem populations show two extreme situations with all samples exhibiting the same pseudocolumella type (see Figure 12) ; thus excluding the possibility of a random sampling effect in the distributions. If there is an equal chance of sampling either pseudocolumella morphology (i.e., a 50/50 chance of sampling type 1 or type 2), the probability of observing exclusively one Berkowski and Weier (2012) . 3, Transverse section of Sloveniaxon sp. Kossovaya, 2012, modified from figure 3.B3 of Kossovaya et al. (2012) . 4, Transverse section of Rylstonia benecompacta, Hudson and Platt, 1927 , modified from figure 234.2c of Hill (1981) . 5, Longitudinal section of Rylstonia benecompacta, Hudson and Platt, 1927 , modified from figure 234.2d of Hill (1981) . 6, Transverse section in Neorylstonia pseudocolumellata (for comparison), sample AM175. 7, Transverse section of Amygdalophyllum sudeticum modified from figure 3.5 of Żołyński (2000) . 8, Lateral view of the columella in a broken coral from the genus Lophophyllidium Grabau, 1928 modified from plate 60, figure 7 of Fedorowski (1974) . 9, Reconstruction of the axial structure in the family Amygdalophyllidae: pseudocolumella with a multilamellar structure with primary lamella marked in the axial part, septal lamellae are an integral part of columella, tabella reaching the pseudocolumella in the same manner as septum, modified from figure 4.B of Fedorowski (1970) . pseudocolumella type in a Neorylstonia population (e.g., the Taililout population) would be extremely low; i.e., 24 examples of one type = (1/2) 24 = 0.6 x 10 -7 . These unequal distributions from one outcrop to the other can be explained by three hypotheses: the type of pseudocolumella is the only difference between two distinct species within the genus Neorylstonia; the change in the type of pseudocolumella is the result of an evolutionary novelty among one single species and the different stratigraphic positions explain the different distributions or the type of pseudocolumella is constrained by the paleoecological conditions occurring during the life of the animals.
As Koudiat Ech Chehem is stratigraphically above Taililout, it is possible that the appearance of a type 1 pseudocolumella could be interpreted as an evolutionary novelty appearing at the end of the ontogeny in more recent Neorylstonia. That said, other outcrops reveal that there is no consistency in the temporal distribution of the pseudocolumella types; for example, the Choucht Formation in the Dades Valley belongs to the uppermost Domerian and includes both type 1 and 2 pseudocolumellae. The first and second hypotheses are rejected due to the coexistence of both morphologies in the same localities and even within a single sample (see Appendix 2, sample A57331-1). The co-occurrences of both morphologies in one outcrop, together with the results from univariate analysis, suggest that the type 2 pseudocolumella corresponds to a younger growth stage than the type 1.
The third hypothesis proposed is the preferred explanation for the data presented here, but the succession of the two morphologies in one single sample must be explained. As the type 1 morphology seems to be a facultative mature stage constrained by paleoecological conditions, we propose that, as a secondary character, the type 1 pseudocolumella is a mature morphology linked to sexual reproduction. This explanation would require that the type 1 shape could be associated with gonadic fixation/activity when the environment is favorable for sexual reproduction. This would imply that unfavorable conditions for sexual reproduction would lead to asexual reproduction or the total lack of breeding activity, associated with type 2 morphology. This last hypothesis is supported by the lack of budding scars on the corals, which implies that budding was restricted to the soft parts of the animals or was totally absent. Unfortunately, due to the lack of studies about the relationship between present-day coral skeletons and sexual maturity, we cannot confirm this idea with a modern coral as an analogous example. In addition, direct field observations provide no evidence of the precise ecological factors impacting Neorylstonia pseudocolumellata morphology.
The mode of pseudocolumella growth in Neorylstonia is analogous to that observed in the Rugosa subfamily Amygdalophyllinae described in Fedorowski (1970) and Żołyński (2000) (Figure  13 ). Another rugose coral with analogous features for the axial structure corresponds to the genus Lophophyllidium sensu Fedorowski (1974) , which can present a lamello-tabellar pseudocolumella made of septal lamellae sustained at their base by axial tabellae. These alternations are interpreted by the author as changes in the rhythm of the secretion of the structural elements. In Lophophyllidium, the pseudocolumella is wrapped into concentric endothecal layers in continuity with the tabulae of the lumen (see Fedorowski, 1974) and, like Neorylstonia, shows a sustained increase of the axial structure when the calix does not grow anymore.
The Neorylstonia pseudocollumella axial structure is totally unique among Mesozoic corals. Despite a throrough literature search, no similar features could be found in Cenozoic or present-day corals either. Axial structures in post-Paleozoic corals are equally from a septal and/or endothecal origin, but the organization in septal lamellae, the bilateral symmetry, the ontogenic variations, the axial porosity, and the overcalicular apical growth found in Neorylstonia are singular characters that are only known in rugose corals. Type 1 and type 2 pseudocollumella are both facultative states as each can be absent in samples studied.
Another point is the question of the link between N. pseudocolumellata axial structure and the pseudocolumella of some rugose corals from Paleozoic ( Figure 13 ). As phylogenetic inheritance is excluded between Paleozoic Rugosa and post-Paleozoic Scleractinia, only a convergence phenomenon can be purposed to explain the similarity of the axial structure in N. pseudocolumellata and some Rugosa. The affiliation of N. pseudocolumellata to Scleractinia is evidenced by the typical scleractinian organization of its septal apparatus in hexameral symmetry and by the probable aragonitic nature of the original skeleton (i.e., before diagenesis). Scleractinians almost exclusively biomineralize aragonitic skeletons, although rare examples of calcitic Scleractinia have been discovered (Stolarski, 2007 (Stolarski, , 2008 ). An original aragonitic skeleton is interpreted for N. pseudocolumellata because all samples collected have been inverted to calcite (losing its initial microstructural architecture during neomorphism), whereas a calcitic coral would not be altered and thus would conserve its microstructural features. So, this similar axial organization appears to be a surprising convergence phenomenon. The key of the functional significance of this organization may be in the understanding of its ecological role in similar rugose corals. In Rugosans it is either interpreted as a structure associated with sexual reproduction (Poty, 1981) because of its development (seasonally or environmentally influenced), or as a reinforcement structure for the skeleton (Poty, personal communication, 2017) . More generally, the increase of calcification associated with the formation of the pseudocolumella can be interpreted as a way to eliminate calcium carbonate (CaCO 3 ) excess in the body tissues resulting from photosynthetic activity, or also as a way to manage hypoxia (see Wooldridge, 2013 concerning general processes of calcification). In this study, we also proposed the possibility that the pseudocolumella was used to help soft tissues lift up during the growth of the septal apparatus.
CONCLUSION
Neorylstonia pseudocolumellata is a small solitary Moroccan coral that lived nearshore in the far end of a western Tethyan Gulf during the late Sinemurian and Pliensbachian stages. This scleractinian coral disappeared at the Pliensbachian/ Toarcian boundary. Its skeletal structure is reminiscent of the pseudocolumella structure found in some rugose corals. In Rugosa, the pseudocolumella occasionally exhibits a seasonal or environmentally-dependent development. This comparable organization results in a convergence phenomenon between some Paleozoic rugosa made of calcite and this originally aragonitic scleractinian coral. Concerning N. pseudocolumellata, the pseudocolumella axial structure shows two main different morphologies between the different samples and vertically within a single sample (transition stages observed). One of these morphologies (type 1) is associated with an advanced degree of maturity; it is always observed as a final stage when present, is sometimes present since the beginning of the pseudocolumella formation, but can also be absent. This environmentallydependent type 1 morphology is proposed to be linked to sexual reproduction, possibly as a gonads-fixation structure. The type 2 morphology would thus be conditioned by the conformation of the soft tissues at the base of the polyp, in this case more relaxed and pleated. This conformation would correspond to unfavorable environmental conditions for sexual reproduction. Despite important variability in dimensions and number of septa and septal lamellae among the samples, statistical analyses do not distinguish two different species under the genus Neorylstonia. Due to the large variability in dimensions as well as the ontogenic modifications of the axial structure, N. pseudocolumellata appears to be a significant example of the possible intraspecific variability in scleractinian coral species and a unique case of true pseudocolumella in Scleractinia.
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